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Tém tit

May sang va rung c6 nhiéu uu diém ndi trdi vé ning sut, hiéu qua phan loai trong mot day chuyén cong nghé
nghién va phan loai vat liéu; dé giai quyét hién tudng ket hat vat liéu tai mat sang. Tuy déng mot vai tro rat
quan trong trong mot day chuyén cong nghé nhu vy, nhung lai chua dugc nghién ciu dy di vé tinh todn, thiét
ké phu hop vé6i diéu kién 1am viéc 1a phan loai cat m. Bai bo tién hanh xiy dung mo hinh nguyén ly co hoc,
thiét 1ap phuong trinh vi phan mo ta chuyén dong, tim 19i giai va khao sat cac thong sb dong hoc, dong luc hoc
clia mdy sang va rung mot phia, mot khéi lugng 1am co s& khoa hoc d€ xic dinh cic thong sd hop 1y, phit hop
véi cong nghé phan loai nham gép phan thiét ké, ché tao may c6 kha ning tu 1am sach mit sang khi phén loai
cat Am.

Tir khod: nguyén 1y co hoc; phuong trinh vi phan; cic thong sd hop ly; mdy sang va rung; cit Am.

STUDYING DETERMINATION THE REASONABLE PARAMETERS OF THE IMPACT - VIBRATION
SCREEN FOR CLASSIFICATION OF MOISTURE SANDS

Abstract

The impact-vibration screens have many outstanding advantages in terms of productivity and efficiency in a
sorting technology grinding - sorting material and easy to solve the material jam in the sieve. Although playing
a very important role in such a technological line, but have not been fully researched on the calculation, design
suitable to working conditions is classification of moisture sands. This paper develops the model of mechanical
principle, sets the differential equation for motion description, solves and researches the kinetic and dynamical
parameters of one-sided impact-vibration screen, one mass as a scientific basis to determine the reasonable
parameters, in accordance with the classification technology to contribute to the design and manufacture of
machines capable of self cleaning the screen when sorting the moisture sands.

Keywords: mechanical principle; differential equation; the reasonable parameters; the impact-vibration screen;
the moisture sands.
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1. Dit van dé

Theo [1-5] cdc mdy sang rung c6 nhiéu uu diém néi trdi vé chat lugng, ning suit va hiéu qui
phén loai nén dugc nghién ctiu phat trién va sit dung rong rai; né déng vai trd rit quan trong trong
day chuyén cong nghé nghién — phan loai vat liéu xay dung, nhung lai chua dugc quan tim diing mtc
trong thiét k& phu hop véi diéu kién 1am viéc 1a phan loai cat 4m. M4y sang va rung thuoc mot 16p
may sang rung, c6 kha ning tu 1Am sach mit sing cao [6]. Vi vdy, khao sit tim cdc thong s6 hop 1y
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clia mdy sang va rung phan loai cét, nhdm xic dinh céc cd sé khoa hoc dé phuc vu cho viéc thiét ké,
ché tao mdy sang phui hop sé mang tinh khoa hoc va thuc tién cao.

Tic gia [4] di nghién cifu xdc dinh dugc mot sd dic tinh hitu ich ctia mdy sang hoat dong theo
nguyén ly va rung. Cu thé:

a) Khéi luong vat liéu niam trén mit sang dao dong tach khoi mat sang s€ hiéu qua hon khi dao
dong cung mat sang.

b) Hat vat liéu trén mit sang tham gia vao hai chuyén dong dong thai 1a chim trong déng vat liéu
va chuyén dong doc mit sang dé chui qua 16 sang véi thdi gian hgp 1y cho sang va rung Ty 12 tir 20 s
dén 40 s. Xuét phat tir thuc nghiém, dé€ dat dugc hiéu qua sang E > 80% nén chon chiéu rong miit
sang B bang chiéu rong cita xa ctia thiét bi nap; chiéu dai mit sang L ~ 2B; chiéu cao vit liéu chd nap
nén chon tit 40 mm dén 60 mm dbi véi cat.

¢) Do 4m vat liéu 4nh hudng 16n t6i hiéu qué sang E va tde do di chuyén doc sang. Am do hei nude
hoic do tap chit 1am tic 16 sang khi phan loai cat. Thuc nghiém chi ra ring khi phan loai cit bang
rung, vt lidu tao 4m ting 4% qud trinh phan loai cit c6 md dun 2,5 mm sé ngling. VAn dé 1am sach
16 sang, chdng tic nhd va rung mot phia tao ra do chénh gia toc, lam xuét hién luc dong bd sung F,
c6 gid tri 16n hon luc cin ma sét gifta hat ket v6i 16 sang sé 1am hat thoat khdi 16 bi ket, Fj,, = AXmy,
N; & day AX 1a do chénh gia toc, m; 12 khdi lugng hat dang bi ket trong 16 sang.

d) Vé 1y thuyét, ting tan sb sé ting luc quén tinh; ting téc do 1am ting kha ning 1Am sach 16 sang
nhung din dén gidm hiéu qué sang E vi khi ting téc do ma chiéu dai mit sang L cb dinh sé& giam sb
lan tiép xdc hat vé6i 16 sang din dén E gidm. Nhu vy, ton tai gid tri bién do, tn s rung hop 1y dam
bao tang dd lam sach mat sang.

e) Niing suit sang cat phu thudc vao qua trinh hat vat liéu di chuyén qua hai giai doan: Giai doan
mot chim trong déng vt liéu nap sang va giai doan hai chui qua 16 sang. Hat vat liéu c6 kich thuéc
16n hon 15 sang (trén sang) phai di chuyén hét chidu dai mit sang do rung dong; cic hat vat liéu c6
kich thu6c nhé hon 16 sang (dudi sang) di chuyén chi yéu giai doan mot qua chiéu day lugng vt lidu
3600Bh; L

T,
(m’/h); trong d6 B la chiéu rong mit 1ui sing c¢6 don vi 1a mét; A; 1a chiéu cao vat liéu chd nap don
vi 1a mét; L 12 chiéu dai mit lu6i sang don vi 1a mét; Tz 13 thoi gian hat vat liéu trén sang di hét chiéu
dai mat sang. Thai gian T, 1a thai gian cdng nghé, dam bao qua trinh sang dat hiéu qua E, dugc xac
dinh bﬁng thuc nghiém.

Nghién cifu ctia tic gia [4] cling da chi ra rang, d€ phan loai cat xdy dung bing mdy sang va rung
nén st dung céc thong s6 cong nghé hop ly sau: Bién do dao dong Xa clia hé c6 gid tri tif 2 mm dén
3 mm; gia toc dao dong X, < 100 m/s?. Tuy nhién, tic gia khong cho biét quy trinh va cach xac dinh
céc thong sb dong hoc va dong luc hoc clia mdy sang va rung dé dat dudc céc thong sb cong nghé
hop ly.

nho trong luc va luc quan tinh. Ning suit sang c6 thé xac dinh nho biéu thiic sau: Q =

2. Xay dung mé hinh nguyén ly co hoc va tinh toan dong hoc, dong luc hoc cia may sang va
rung mot phia
2.1. Xdy dung mé hinh nguyén Iy co hoc, thiét ldp phuong trinh vi phdn chuyén dong va tim 10i gidi
Xay dung mo hinh nguyén ly co hoc cia mdy sang rung va va rung, theo céc tac gia [7-10] dua
trén mot sb gia thiét sau:
Hop sang dudc coi 1a tuyét ddi cing; khoi lugng 10 xo coi nhu khong tham gia dao dong; dudng
dic tinh ctia 10 xo dudc coi 1a tuyén tinh; bé qua thanh phan phi tuyén do ciing ctia gbi va cham dan
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hdi; bd qua anh hudng ctia hé dao dong dén chuyén dong quay déu ctia dong co va khbi 1énh tam;
khéi lugng tham gia dao dong bao gdm: khdi lugng hop sang véi lusi sang, khdi luong bd giy rung,
khdi luong cat.

O day, khung sang rung (1) dudc coi nhu 1a mot vét thé tuyét dbi cing thuc hién dao dong trén
cic 10 xo (2). Trong qu4 trinh dao dong theo tliing thdi diém, hop sang khi tiép xiic v6i gdi va cham
(3) dit & phia trén hodc khi tach ra khoi ching va chiu luc kich dong ham diéu hoa P, = G cos(w?).
Giam chin (5) dic trung cho do cin chuyén dong clia vat liéu trong qu4 trinh tham gia dao dong va
ctia 10 xo, dic trung cho phan ti dan hoi.

Khi b phan cong tac lam viéc (dao dong) thi do cing tuong duong clia cad cum 10 xo C; =
C11 + Cqp, c6 nghia 10 xo Cy; va lo xo Cyp méc song song; khi diéu chinh thi 10 xo Cy; va 10 xo
C1> méc ndi tiép. Chiing ta xét trudng hop giita bd phan cong tac va gbi va cham c6 khe hé § > 0.
Do mic ndi tiép nén noi luc trong 10 xo didu chinh Cj, va 16 xo dudi C;; bang nhau, cé nghia la
F = Cy3.02 = C11.6;. Trong d6 F 1a luc nén ban dau ctia céc 10 xo diéu chinh; C;; 1a dd cling cua cac
10 x0 dd; C, 12 dd ciing ctia cac 10 xo diéu chinh; ¢ 12 d6 chuyén dich céc 10 xo d3; 6, 13 d6 chuyén
dich dau trén cta céac 10 xo diéu chinh nhd d6 ma thuc hién dudc viéc nén so bo dbi véi tit ca cdc 10
x0. Chon gbc toa d6 0 nim trén bé mit gbi va cham (Hinh 1).

Phuong trinh vi phan chuyén dong cudng biic

cO can cua hé (P/ﬁnh 1), theo phuong phap La- En x -~
grange II dudc viet duédi dang sau: Lol
S t:I‘:ﬁb-.
X+ f(x)x + p(x) = Geoswt + fi (D) 3\" > 6
G!g‘ 4 = F T L T -\%k
trong do N0 - 31 g
P(t 1 1
by /m, khi x <0 (l_ m
f(x) = . (2)
(b1 + by)/m, khix>0 3 =
4 L 4
Cyx/m, khi x < 0 ad T b g 2
p(x) = . 3) g ) )3
(Ci +Cox/m, khix>0 4 4
< 4
2 N

morw

G = s, i =F/m
m

1 - Hop sang; 2 - Lo xo dd; 3 - Gbi va cham; 4 - Lo xo
diéu chinh; 5 - Gidm chén ctia 16 xo cling vt liéu;

trong d6 mor 1a mo men tinh 1éch tdm; m la khoi 6 - Pai bc didu chinh

luong tham gia dao dong; w 1a tan s cta luc kich

dong; by 12 hé sb cn dan hdi ctia 1o xo va cat tham Hinh 1. M5 hinh c6 hoc sang va rung mét
gia dao dong; b, 1a hé sb can dan hdi clia cao su khoi lugng

lam gdi va cham. Dong diu tién trong ngodc méc clia hé s6 can dan hoi (2) va luc dan hoi (3) tuong
ting véi khoang thi gian khong tiép xtic ctia hop sang hay bd phin cong tic véi gbi va cham; dong
duéi tuong ting véi khoang thoi gian tiép xidc gitta ching. Phuong trinh vi phan (1) chuyén dong cudng
biic ¢6 can ctia co hé Hinh 1 st dung phuong phap sé6 Newmark - tinh tich phan truc tiép dé giai. Biéu
thiic co ban ctia phuong phap Newmark [11] dua ra mbi lién hé giita véc to toa do, van tdc va gia toc
tai cac thoi diém #; 7 + At, diéu kién daut = 0;x = 6; % = 0; % = 0.

[m+ 61A£(x) + @A p(x)| &, = G cos(w(t + An) + fi = p(x)x; — (f(x) + p(x)AD),
|16 700+ (5 - o) o s @

Xeear = X+ [(1 = 01) X + 01X ad AL x,,,, = X + At +

t+At

1
(E - Q’) )'C'; + CY)'C'HN] Atz
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trrong d6, theo [11] ddi vé6i cdc hé co hoc thong thudng thi chon 61 = 1/2;a = 1/4. Hé phuong trinh
(4) tim nghiém nhd phin mém MATLAB vdi bién 1a thai gian, tinh cic thong sb dong hoc, dong luc

hoc va vé do thi cho cho hai chu ky binh 6n lién tiép véi thai gian thuc 1a 2T = 2 =0,1256 s, trong
w
dé w = 100 rad/s.

2.2. Tinh todn dong hoc va dong luc hoc mdy sang va rung
a. Tinh chon c4c thong s6 dau vao dé khio st
Khbi luong tham gia dao dong theo tai liéu [6, 7] c6 thé chon gia tri ban dau m = my + my = 350
kg; m; 1a khéi lugng phan rung thudc may, kg; m; 1a khdi luong cat tham gia rung, kg; tan s kich
rung va w = 100rad/s. PO ciing ctia cum 16 xo lién két C; dudc chon tir diéu kién cong hudng & giai
Cy

doan khong c6 va cham, c6 nghia tan s6 dao dong riéng bang tin s kich rung wy = w = /— = 100
m

rad/s = C; = mw” = 35.10° N/m. Hé sb can dao dongbl thudc giai doan khong va cham, theo thuc
nghiém [5, 7] khi hé s6 gidm dao dong & c6 gid tri tit 10/s dén 30/s, thi by = 2hm = 14000 N.s/m, &
day chon h = 20/s. D6 cting ctia gbi dan hdi va cham dudc mo hinh héa gdm mot 10 xo c6 do ciing C,
va phén ti giam chén b,. Do cting gbi va cham theo [5] tit thuc nghiém ¢ nghia C, = 42.10° N/m; Hé
s6 (giam chén) can ctia gbi va cham tinh chon theo ti liéu [7] 12 t6n hao niing luong trong va cham
gip 8 1an khi khong c6 va cham, nén ta c6 by = 8b; = 112000 N.s/m. Luc nén ban dau F = AfCy;
Af 12 d6 nén 16 xo. M6 men tinh mX™ = mor = 1,05 kg.m, & day bién do dao dong binh 6n 16n nhét
ctia mdy khi lam viéc X" ¢6 gia tri 0,003 m; mor 1a md men tinh khdi gy rung. D€ cho dé cin chinh
trong khai thic mdy, theo [7], nén chon F = 0 va khe hd ban dau 6 = 0.

b. Xdc dinh céc thong s6 dong hoc va dong luc hoc clia may sang va rung

Dong trén trong ngoic mdéc ctia hé s6 can dan hdi thudce biéu thiic (2) va luc dan hoi thudc biéu
thic (3) tuong dng véi khoang thdi gian khong tiép xtic clia bd phan cong tac véi gbi va cham; dong
duéi trong ngodic méc tuong ting véi khoang thoi gian tiép xiic gitta ching, nén phuong trinh vi phan
phi tuyén (1) thuoc dang tuyén tinh ting doan. Khi tim cdc thong s6 dong hoc va dong luc hoc dic
trung cho trang thai hé ciia tiing doan tuyén tinh, sit dung phuong phap gii bang phucng phép s6 -
phuong phdp Newmark [11]. St dung phan mém MATLAB dé€ tinh va vé dudng dic tinh chuyén vi,
van tdc va gia tdc clia hé trong khoang thdi gian hai chu ky lién tiép 12 0,1256 s, khi hé 1am viéc binh
on va theo chu ky.

Két qud khdo sdt va nhdn xet:

Khzo sit 05 phuong an (PA1-PAS5), dic biét Iuu y t6i su anh hudng ctia céc thong sd dong Iuc hoc
c6 thé thay d6i dudc trong qud trinh khai thiac mdy, nhu m.r 12 m6 men tinh khi giy rung, w 12 tan
s6 cua luc kich rung va do ciing ctia cic 10 xo va cic gbi va cham. Két qua khao sat cho tai Bang 1.
Cu thé:

Phuong 4n 1 (PA1) khong thdéa min yéu ciu cong nghé, do bién do dao dong nhd (X, = 1,25 mm
< 3 mm); phuong 4n 3 (PA3), phuong 4n 4 (PA4) va phuong 4n 5 (PAS5) déu khong thda min yéu cau
do gia toc 16n (X, > 100 m/s?). Phuong 4n 2 (PA2) dép ting ddy di cic yéu ciu, xem Hinh 2.

Phuong an 2: m = 350 kg; w = 100 rad/s; mor = 1,05 kg.m; C; = 3500000 N/m; b; = 14000
N.s/m; Cy = 42000000 N/m; bg = 112000 N.s/m; khe hé d = 0; Iuc nén 16 xo ban dau F,, = 0.

Nhdn xét: Bién do dao dong trung binh X, = Xy, = (X4 + X_)/2 = (3,5 + 1)/2=2,25 mm. Van tbe
dao dong 16n nhit Xp.y = 0,3 m/s. Gia tbe dao dong 16n nhét X, = 95 m/s? < 100 m/s>. Do chénh gia
t6c AXmax = (95 — 25) m/s> = 70 m/s”. Theo [6], cong sudt N = morw?> Xmax = 3150 W.
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Bang 1. Bang thong s6 va két qua khao sat ctia 05 phuong an

STT Thong s6 may
1 Thong sb PA1 PA2 PA3 PA4 PAS
2 Khéi luong m, kg 350 350 350 350 350
3 Luc nén ban dau F,, N 0 0 0 0 0
4 Tan s6 kich rung w, rad/s 100 100 157 157 314
5 Do cing 16 xo C1, N/m 35.10° 35.10° 8627150 8627150 34508600
6 Do ciing gbi cham C,, N/m 42.10° 42.10° 103525800 103525800 414103200
7 Hé sb can by, N.s/m 14000 14000 14000 14000 14000
8 Hé sb can by, N.s/m 112.10° 112.10° 112.10°  112.10°  112.10°
9 MO0 men tinh mgr, kg.m 0,55 1,05 1,55 1,05 1,05
10 Khe hd ban dau 6, m 0 0 0 0 0

Két qua khao sat

1 Bién do dao dong trung binh X5, m 1,25 2,25 2,75 2,75 2,75
2 Van téc dao dong 16n nhit X, m/s 0,1 0,3 0,45 0,45 0,8
3 Gia tbc dao dong 16n nhit Xay, m/s> 50 95 140 170 450
4 Do chénh gia toc AX ., m/s? 35 70 115 100 200
5 Congsuat N, W 550 3150 13671 11700 82820
500 %000 1500 200 2500 3000 3500 sox 3,14 . 105
s 2) D& thi chuyin vi trong khodnz théi zian 2 chu ki lidn tidp 4000 x 3.14 . 10=: Thei gian t
500 %000 1500 2000 250 3000 300 anox 3,14 . 103
= b) D4 thi van toc trong khoang thoi gian 2 chu ky lién tigp 4000 x 3,14 . 105 Thoigiant

i j

o %00 1500 200 2500 3000 3500 wox 3,14 105
<) Dé thi gia tée trong khoing théi gian 2 chu ky lidn tidp 4000 x 3,14 . 10<s Théi gian t
Hinh 2. Db thi dic tinh dao dong trong 02 chu ky lién tiép theo phuong 4n PA2.
a) Db thi chuyén vi trong khoéng thdi gian 02 chu k¥ 12 4000.(3,14).107° s = 0,1256 s, c6 2000 budc tinh trong
mdt chu ky véi sb gia thoi gian mot budc 1a Ar = 3,14.107 s; b) D) thi van tdc trong khoang thdi gian 02
chu ky; ¢) Do thi gia téc trong khoang thoi gian 02 chu ky
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c. Kiém tra hé s6 dong ctia phuong 4n di chon

Theo [4] khéi lugng vt liéu nam trén sang c6 thé dao dong cling mit sang hodc tich khoi mit
Xpw? sin B

gcosa

hop sang it hdng K < 8; vat liéu chi dich chuyén doc mit sang vakhong tach khoi mit sang K < 1; vat
liéu c6 tach khoi mit sang K > 1; bién do dao dong X, = 2,25 mm; tan sb dao dong w = 100 rad/s;
gbc tao phuong ngang clia luc kich rung 8 = 55°; vdi sang va rung c¢6 hudng co = 0°; g 1a gia tdc
trong trudng. Theo két qua thu dugc ctia phuong 4n 2, hé sb dong cu thé 1 2,1 < 8. Vay dam bio diéu
kién cat tach khoi mit sang dam bao ché do rung hop ly.

sang phu thudc vao hé sd dong K clia mdy. N6 xac dinh theo biéu thiic sau K = =2,1.bé

3. Két luan

Pi xiy dung dugc mo hinh tinh, gdm so d6 nguyén ly co hoc va phuong trinh vi phan chuyén
dong, nho phuong phap s6 Newmark va phan mém Matlab kho sit tim dugc bd thong sb ban dau

. N. N.
gdbm m = 350 kg; C; = 35.10° N/m; Cy = 42.10° N/m; b; = 14000 Fs;bs = 112.10° Fs;mor =

d R NN
1,05kg.m;w = 100 fad khe hé ban dau ¢ va luc nén F ban dau bang 0. Pap tng dugc cac thong
S

s6 cong nghé hop 1y cho sang cdt 4m véi bién do dao dong X, = 2,25 mm; gia tbe X, = 95 m/s? <
100 m/s?> dam bao cho méy di do tin ciy trong qud trinh khai thic.

Tur viéc phan tich, tdng hgp bai bdo da dua ra dudc tinh cip thiét clia viéc nghién ctiu co s6 ly
thuyét dé thiét k&, ché tao mdy sang va rung c6 kha ning tu 1am sach mit sang nhd va cham mot phia
tao ra do chénh gia tdc, c6 nghia tao ra luc dong bd sung lam cac hat bi mic & cac 16 sang c6 thé thoat
ra khdi hién tugng ket.
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